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ids and sludge at the bottom of a deep tank. The present 
invention comprises a gas-liquid aerator which is adapt- 



ed to be submerged below the surface of wastewater in 
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aerator device with enough force to mix and suspend 
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Description 

Field of the Invention 

[0001] This invention relates generally to the aeration 
of liquid and solids and in particular to an apparatus and 
method for dissolving oxygen in a liquid and the con- 
comitant agitation of liquid and solids holding various 
chemicals. 

Description of Related Art 

[0002] Aerobic wastewater treatment is a highly eco- 
nomical means to eliminate harmful chemical waste in 
aqueous systems. Oxygen or air is supplied to the bio- 
mass in the wastewater so that toxic or harmful chemi- 
cals can be consumed by the biological agents as food 
to form harmless byproducts. Normally, carbon dioxide 
and water are the major respiration products. 
[0003] The cheapest form of an aeration pond is an 
earth base, basin whereby the soil is removed from the 
surface up to 1 0 to 1 5 feet (3.0 to 4.6 meters) below the 
surface. However, this type of construction poses many 
potential environmental problems. Hazardous chemical 
compounds can seep through the bottom of an earth 
base basin, thereby contaminating the soil or under- 
ground water. The Environmental Protection Agency will 
no longer allow wastewater containing land-banned 
chemicals, such as benzene, to be treated in these fa- 
cilities, due to the contamination hazard. Thus, the large 
shallow earth basin is losing its status as the preferred 
kind of aeration pond. 

[0004] The large surface area of an aeration basin is 
also a gigantic evaporating pond where significant por- 
tions of volatile compounds may be evaporated into the 
atmosphere. With the passage of Clean Air Act, these 
facilities can no longer rely on evaporation to strip off 
the volatile compounds as a means to meet regulatory 
standards. Thus, a number of wastewater treatment fa- 
cilities are switching to above ground deep tanks. The 
above ground tanks, with steel bottoms, will not allow 
toxic chemicals to penetrate the tank and contaminate 
the surrounding areas and have less surface-to- volume 
ratio for fugitive emissions. In Europe and Asia, deep 
tanks are much more popular. 

[0005] Supplying oxygen to such deep tanks is a chal- 
lenge with conventional wastewater aeration devices. 
Surface aerators can only provide a sufficient supply of 
oxygen to the top layer of the whole wastewater tank. 
Fine bubble diffusers require a large amount of horse- 
power to compress the air and overcome the hydrostatic 
head of the aerators. 

[0006] Bacteria or biomass grows inside the waste- 
water treatment tank while consuming hazardous 
waste. The bacteria or biomass is called sludge, and 
forms a wet solid upon separation from the wastewater. 
Generally, the means of separation is typically centri- 
fuge or filtration. Part of the sludge must be recycled 



back to the aeration tank to keep the biomass concen- 
tration significantly high, as the incoming water will dilute 
the tank content. To allow the biomass to function prop- 
erly, the sludge must be adequately suspended, or seg- 

5 regation will occur, resulting in poor biodegradation of 
the waste. Prior art surface aeration devices do not ef- 
fectively address the issue of sludge at the bottom of a 
deep tank. A deep tank generally has a depth in the 
range of about 30 to 1 00 feet (9.1 to 30 meters), with an 

io average depth being in the range of 40 to 50 feet (12 to 
15 meters). 

[0007] Surface aerators, such as disclosed in U.S. 
Patent No. 4,681,711, are only effective to a depth of 
about 10 feet (3.1 meters). The use of a downward 
is pumping impeller, as disclosed in U.S. Patent No. Re 
32,562, to enhance the dissolution of oxygen from an 
overhead space, has limited effectiveness in a deep 
tank. Since the device is fixed on the reactor vessel, it 
is not possible to optimize solid suspension. Prior art 

20 devices using this technology require an increase in the 
agitation speed in order to increase the liquid velocity 
exiting from the draft tube. However, there are practical 
limitations as how fast a helical impeller can rotate. 
Commercial bearings for large 24-inch (61 cm) impeller 

25 systems can rotate at 300 to 400 mm before vibrations 
and other mechanical problems destroy the bearing and 
gearbox. Larger 36-inch (92 cm) impellers may rotate at 
250-300 rpm. Even if the mechanical difficulties are 
overcome, the system will require tremendous amount 

30 of power for the agitation. In many instances, the power 
required for agitation sufficient to suspend the solid and 
sludge is 3-4 times that required for oxygenation. Much 
of this power is wasted. It does not make sense to waste 
this energy while the oxygen dissolution function re- 

35 quires only a small amount of energy. 

[0008] The reason for the extreme higher power re- 
quirement for agitation is that the oxygen bubbles have 
an upward momentum due to buoyancy forces. The 
downward pumping impeller carries the oxygen bubbles 

40 downward in a jet stream formation. The upward buoy- 
ancy force is countercurrent to the downward liquid mo- 
mentum. The furtherthe gas-liquid stream travels down- 
ward, the weaker the momentum of the liquid becomes. 
The jet stream is also spread outward, reducing its ve- 

45 locity. At one point, the jet stream will weaken to a point 
that it can no longer carry the oxygen bubbles down- 
ward. At this stage, the oxygen bubbles will segregate 
from the liquid jet and move upward in reverse. The liq- 
uid jet is so weak that it will not be able to travel any 

so further or provide agitation to the bottom part of the tank. 
[0009] Another alternative to the extreme high agita- 
tion rate is to provide a separate mechanical agitation 
system in conjunction with the surface aeration device. 
The mechanical agitation system is installed on the side 

55 and in the bottom of the tank to provide agitation and 
solid suspension. However, significant power is still re- 
quired to drive the agitator at the bottom of the tank, in- 
creasing capital expenditure. 
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[0010] Bearing in mind the problems and deficiencies 
of the prior art, it is therefore an object of the present 
invention to provide an apparatus and method to aerate 
wastewater in a deep tank. 

[0011] It is another object of the present invention to 
provide an apparatus and method to agitate solids in a 
deep tank. 

[0012] A further object of the invention is to provide 

an apparatus and method to concomitantly aerate liquid 

and agitate solids in a deep tank. 

[0013] It is another object of the present invention to 

provide an apparatus and method to aerate liquid and 

agitate solids in a deep tank using the minimum energy 

required. 

Summary of the Invention 

[0014] The above and other objects and advantages, 
which will be apparent to one of skill in the art, are 
achieved in the present invention which is directed to an 
apparatus and method for the dissolution of a gas and 
suspension of a settling solid in a body of liquid. The 
apparatus is adapted to be submerged in the body of 
liquid and comprises a collector, a fluid pump and a bal- 
last chamber which is adapted to allow the apparatus to 
float or sink in the body of liquid. The collector is adapted 
to capture an undissolved gas rising towards the surface 
of the body of liquid and direct the undissolved gas to- 
wards a headspace of the apparatus. The fluid pump, 
such as an impeller or jet pump, is adapted to draw in a 
feed gas from a feed gas inlet together with the undis- 
solved gas and liquid and directs a high velocity gas- 
fluid mixture downwardly in the body of liquid. In the pre- 
ferred embodiment, the ballast chamber is adapted to 
be filled with a ballast such as water to sink the appara- 
tus and filled with a gas to raise the apparatus in the 
body of liquid. 

[0015] In the preferred embodiment, the collector to 
capture an undissolved gas comprises a surface of the 
chamber. The surface of the chamber should be of a 
sufficient size to capture the undissolved gas and have 
a plane which is sufficiently angled to direct the undis- 
solved gas toward the headspace, and a vortex formed 
by the impeller. 

[0016] In the preferred embodiment, the fluid pump 
comprises an impeller connected to a rotatable shaft 
disposed within a draft member. The draft member is 
adapted to draw the gas and liquid from the body of liq- 
uid into the draft member through an opening near the 
top of the draft member above the impeller and to exit 
through a second opening at a lower end of the member. 
The impeller is connected to the shaft and adapted to 
draw the gas and liquid into the draft member towards 
the impeller and cause the gas-liquid mixture to exit the 
draft member at a high velocity. The impeller may be a 
high capacity impeller, a gas dispersion impeller, partic- 
ularly that which is helical in shape and adapted to cir- 
culate large volumes of the gas and the liquid. The feed 



gas stream is directed into a headspace above the im- 
peller through a feed gas inlet. The feed gas stream may 
also be introduced directly into a vortex formed by the 
impeller as it rotates into the liquid. In the most preferred 
5 embodiment, a turbulent promoter to increase the tur- 
bulent mixing of the gas-liquid mixture may be connect- 
ed to the shaft. 

[001 7] In another aspect, the apparatus comprises an 
adjustable jet aerator, a venturi tube, a conduit, a ballast 

io chamber adapted to lower and raise the apparatus, and 
a collector adapted to trap an undissolved gas in the 
body of liquid and direct it to a headspace. 
[0018] In the preferred embodiment, the jet aerator 
comprises a pump adapted to draw in through an inlet 

15 a liquid from the body of liquid and eject the liquid 
through an outlet at a high velocity. In the preferred em- 
bodiment, the venturi tube may be connected to the jet 
aerator and may include a tapered mean which is adapt- 
ed to receive the liquid at a high velocity from the aerator. 

20 a pipe may be connected at one end to a throat of the 
venturi tube with the other end of the pipe adapted to 
draw in a mixture of gas such as fresh oxygen and un- 
dissolved oxygen from the headspace below the venturi 
tube and feed the gas mixture back to the venturi tube. 

25 [0019] In the preferred embodiment, the conduit may 
be a flexible hose and supplies a second gas to the 
headspace. 

[0020] In the preferred embodiment, the ballast cham- 
ber comprises at least one hollow chamber connected 

30 to the apparatus. The chamber is adapted to be filled 
with a ballast, such as water, to sink the apparatus and 
a ballast, such as air, to raise the apparatus in the body 
of liquid. It is also preferred that the collector comprises 
a surface of the ballast chamber and have a surface hav- 

35 ing a sufficient size to trap the undissolved gas rising in 
the body of liquid, and be angled to direct and trap the 
captured undissolved gas towards the headspace. 
[0021] In a further aspect, the present invention pro- 
vides a method of aerating a body of liquid and suspend- 

40 ing settling solids in the body of liquid. The method com- 
prises the steps of providing a submergible aerator, sub- 
merging the aerator below a surface of the body of liquid, 
introducing a gas stream into the body of liquid, and 
causing the aerator to mix the gas stream and body of 

45 liquid. In the preferred embodiment, the aerator gener- 
ates a high velocity gas-liquid jet into the body of liquid 
which has sufficient force to suspend the settling solids 
in the body of liquid. 

[0022] In the preferred embodiment, the depth of the 
50 submerged aerator is adjusted to optimize the suspen- 
sion of the settling solids in said body of liquid. In yet 
another preferred embodiment, the depth of the appa- 
ratus is adjusted by filling a ballast chamber with a bal- 
last causing the chamber to sink until it reaches the de- 
55 sired depth. 

[0023] In another preferred embodiment, the undis- 
solved gas rising towards the surface of the body of liq- 
uid is captured by a collector and recirculated into the 
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gas-liquid jet. 

Brief Description of the Drawings 

[0024] The features of the invention believed to be 
novel and the elements characteristic of the invention 
are set forth with particularity in the appended claims. 
The figures are for illustration purposes only and are not 
drawn to scale. The invention itself, however, both as to 
organization and method of operation, may best be un- 
derstood by reference to the detailed description which 
follows taken in conjunction with the accompanying 
drawings in which: 

Fig. 1 is a side view of the apparatus of the present 
invention. 

Fig. 2 is a side view of the apparatus of the present 
invention submerged in a deep tank. 
Fig. 3 is a side view of a jet-aerator apparatus of the 
present invention. 

Description of the Preferred Embodiment(s) 

[0025] In describing the preferred embodiment of the 
present invention, reference will be made herein to Figs. 
1 to 3 of the drawings in which like numerals refer to like 
features of the invention. Features of the invention are 
not necessarily shown to scale in the drawings. 
[0026] As shown in Figs. 1 and 2, the apparatus of the 
present invention comprises a gas-liquid aerator device 
50, adapted to be submerged in deep tank 30 containing 
liquid 32 and solid 33. In the preferred embodiment, liq- 
uid 32 is wastewater and solid 33 is sludge formed in 
deep tank 30. Device 50 includes a fluid pump, such as 
an impeller, a jet flow pump or a positive displacement 
device, which can draw in a liquid and a gas, and cause 
the movement of the liquid and gas downwardly at a high 
velocity. In the preferred embodiment, device 50 com- 
prises a submergible motor 1 6 connected to motor sup- 
port plate 1 8 and a rotatable shaft 20. An impeller 22 is 
connected to shaft 20, and impeller 22 and shaft 20 are 
preferably disposed within draft tube 24. 
[0027] In draft tube 24, at I east one opening 28 formed 
therein to allow the passage of liquid 32 and a gas, such 
as oxygen, into tube 24, and at least one second open- 
ing 68 to allow a gas-liquid mixture 36 to exit tube 24 
after it passes through impeller 22. Opening 28 is pref- 
erably positioned at a point above impeller 22, while 
opening 68 is positioned below impeller 22, preferably 
at the bottom of draft tube 24. 

[0028] Device 50 further comprises at least one bal- 
last chamber 1 0 adapted to be filled with a ballast to sink 
the apparatus below the surface liquid 32. Chamber 1 0 
is preferably a hollow, stainless steel float, and is totally 
sealed with the exception of fluid valve 12 and air valve 
14 to allow the flow of ballast into and out of ballast 
chamber 1 0. Fluid valve 12 allows the passage of a fluid 
ballast, preferably water, into and out of chamber 1 0. Air 



valve 14 allows the passage of a gas ballast, preferably 
air, into and out of chamber 10. The introduction of fluid 
into chamber 1 0 causes it to sink, while the introduction 
of air causes chamber 10 to rise, in liquid 32. 

5 [0029] In the preferred embodiment, the bottom sur- 
face 80 of chamber 10 is conically shaped or angled 
such that the outer edge 82 of chamber 1 0 is wider than 
inner edge 84 of chamber 1 0. Chamber 1 0 is of a suffi- 
cient size and shape so that undissolved gas 38 rising 

io upwards in liquid 32 is trapped by the bottom surface 80 
of chamber 10 and the shape or angle directs the un- 
dissolved gas 38 towards headspace 48 and opening 
28. While it is preferred that the shape of chamber 10 
be adapted to capture undissolved gas particles 38 ris- 

'5 ing upwards in liquid 32, it is possible to use other de- 
vices or means to capture and direct the undissolved 
gas particle towards headspace 48. These devices may 
include baffles, wings, partitions or electromechanical 
devices which capture the rising undissolved gas 38 and 

20 directs it toward headspace 48. 

[0030] Motor 1 6 is preferably an electrical or air motor. 
In the preferred embodiment, motor 1 6 drives gear box 
46, which is connected to shaft 20. Shaft 20 passes 
through seal 44, motor support plate 18 and into draft 

25 tube 24. 

[0031 ] Seal 44 is used to position shaft 20 in , and pro- 
tect shaft 20 from, motor support plate 18 while allowing 
shaft 20 to rotate freely. Impeller 22 is fixedly connected 
to shaft 20 within draft tube 24 and is preferably a down- 
so ward pumping high capacity or gas dispersion impeller. 
In the preferred embodiment, impeller 22 is helical in 
shape, in order to circulate large volumes of gas and 
liquid. Optionally, turbulent promoters or turbines 42 can 
be added to shaft 20 in order to increase the turbulent 
35 mixing of gas and liquid. 

[0032] In the preferred embodiment, conduit 26 pass- 
es through motor support plate 18 into headspace 48. 
This area between edges 84 is referred to as headspace 
48 and allows for the accumulation of a gas therein. 
40 Conduit 26 may extend below the bottom of edge of mo- 
tor support plate 1 8 and is used to introduce a gas, pref- 
erably oxygen, into headspace 48. In the preferred em- 
bodiment, oxygen is supplied to conduit 26 going 
through motor support plate 18. The oxygen is supplied 
45 to headspace 48 above draft tube 24, so that the vortex 
induced by rotating impeller 22 can draw a gas-liquid 
mixture down draft tube 24 through opening 28. Conduit 
26 may also extend below the surface of liquid 32 so 
that the oxygen can be fed directly into the vortex formed 
50 by rotating impeller 22. 

[0033] During operation, apparatus 50 is caused to 
sink below the surface of liquid 32. Any conventional 
means may be used to cause apparatus 50 to sink. In 
the preferred embodiment, apparatus 50 is caused to 
55 sink by filling ballast chamber 1 0 with ballast 34. Ballast 
chamber 1 0 may comprise a hollow chamber or floata- 
tion device which is capable of being filled with ballast 
34. Ballast chamber 10 is of a sufficient size so that 
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when filled, even partially, with ballast 34, apparatus 50 
sinks below the surface and into liquid 32. Ballast 34 is 
preferably a fill liquid, such as water, and is preferably 
introduced into ballast chamber 10 via fluid valve 12. 
The air displaced from ballast chamber 1 0 by ballast 34 
can be released via air outlet 14. Both water valve 12 
and air valve 14 may be connected to supply hoses in 
order to enable filling and evacuation procedures while 
apparatus 50 is submerged. Each of valves 12 and 14 
may be regulated and monitored to ensure an equal vol- 
ume of fluid intake and air release in chamber 10, par- 
ticularly if more than one chamber 1 0 is used. As ballast 
34 fills chamber 10, apparatus 50 will sink below the sur- 
face of wastewater 32 into deep tank 30. To raise appa- 
ratus 50, air is filled into chambers 10 via air valve 14. 
This forces the ballast out of chamber 1 0 through valve 
12, which is preferably a dip tube. Using this method, 
the depth of apparatus 50 inside tank 30 is easily ad- 
justed. The position of chamber 10 should allow device 
50 to be lowered and raised in a level and uniform man- 
ner. 

[0034] Since a rotating helical impeller will create up- 
ward thrust, it is necessary to activate motor 16 before 
final depth adjustment. Also, the gas flow to conduit 26 
needs to be turned on. Increasing the oxygen in head- 
space 48 will also add to the buoyancy of the apparatus. 
After apparatus 50 is running steadily, final adjustment 
is made by adding more ballast 34, preferably air or wa- 
ter, into chamber 10. Guide cable or guide rods 90 can 
be attached to apparatus 50 so that the submerged de- 
vice can be centered at the desired location within tank 
30. 

[0035] Rotating impeller 22 will draw oxygen and 
wastewater 32 into draft tube 24 via opening 28. Gas- 
liquid mixture 36 will exit draft tube 24 as high velocity 
jet, which preferably expands at an angle of about 20 
degrees. Based on conservation of momentum, jet 36 
will reduce in velocity with the expansion. The depth of 
apparatus 50 in deep tank 30 is adjusted so that gas- 
liquid jet 36 will still have sufficient velocity to mix and 
suspend the settling solids and sludge 33 at the bottom 
of tank 30. Samples may be taken at different depths of 
tank 30 to ensure that the solid and sludge are properly 
suspended. The rotational speed of impeller 22 is totally 
independent of the requirement of solid suspensions. 
[0036] By submerging apparatus 50 in wastewater 32 
contained in deep tank 30, unexpected advantages are 
realized over a surface floating aerator because of ad- 
ditional hydrostatic head for mass transfer. The oxygen 
solubility is higher under pressure so the oxygen trans- 
fer rate will increase as apparatus 50 sinks deeper into 
tank 30. 

[0037] The oxygen utilization rate also increases by 
submerging apparatus 50 in wastewater 32. Generally, 
the undissolved gas, oxygen bubbles 38 from jet 36 will 
rise and, in the preferred embodiment of the invention, 
be recaptured and directed toward draft tube 24. The 
vortex induced by impeller 22 causes these oxygen bub- 



bles 38 to be drawn in through opening 28 and re-circu- 
lated through impeller 22. However, a certain percent- 
. age of the oxygen bubbles 40 will escape around cham- 
ber 10 without being captured and re-circulated. Even 

5 though some amount of oxygen bubbles 40 may escape 
around the submerged chamber, in the deep tank, the 
escaping oxygen bubbles 40 still have a long way to 
travel upwards before reaching the surface of liquid 32. 
Therefore, less than half of the escaping oxygen bub- 

10 bles 40 may actually reach the liquid surface. This im- 
proves the oxygen utilization rate. Furthermore, the es- 
caping oxygen bubbles 40 will also provide some agita- 
tion and oxygenation to the upper part of the deep tank. 
[0038] With the present invention, the power input and 

15 rotational speed of apparatus 50 can be optimized 
based on oxygen demand. This is independent of solid 
suspension requirements. Therefore, both capital and 
power cost are largely reduced in this invention. 
[0039] In another aspect of the present invention, an 

20 adjustable jet aerator 70 may be installed on a submers- 
ible hollow float 1 0, or ballast chamber, with the jet 56 
pointing downwards to entrain oxygen, as shown in Fig. 
3. Different from fixed position jet aerators, the adjusta- 
ble jet aerator provides the flexibility of changing mixing 

25 intensity at the tank bottom due to changing solid load- 
ing and process conditions. 

[0040] While in this embodiment, ballast chamber 1 0 
is shown as a single chamber, chamber 1 0 may also 
comprise one or more hollow chambers. As shown in 

30 Fig. 3, in the preferred embodiment, the shape of cham- 
ber 1 0 is used to capture undissolved gas particles rising 
upward in the liquid 32 and direct them to headspace 
48. As before, any means may be used to capture these 
particles, and is not dependent on the shape of chamber 

35 10. 

[0041] As shown in Fig. 3, liquid momentum is provid- 
ed by pump 66, driven by motor 52. Pump 66 for the jet 
aerator can be mounted on top of the float 1 0 or out of 
liquid 32. Liquid 32 is drawn into pump 66 through inlet 

40 54 from a waste water treatment pond or deep tank 30. 
Liquid is ejected from pump 66 at high pressure through 
pump outlet 56 (e.g., 15 to 200 psig) and is passed 
through a venturi 58. The tapered mean of venturi 58 
converts to potential energy and to kinetic energy so that 

45 the pressure decreases while the velocity increases to 
a maximum. In fact, the pressure can have a negative 
drop such that a vacuum is created at the throat of ven- 
turi 58. Pipe 60 can be used to connect the headspace 
48 under chamber 10 to the throat 64 of the venturi 58, 

so so that a vacuum formed can draw the gas from head- 
space 48 into venturi 58, forming a two-phase flow. 
[0042] Oxygen is supplied through a flexible oxygen 
hose 72 to an inlet 26 on top of chamber 1 0. The oxygen 
can be injected directly into headspace 48 or it can also 

55 be injected directly into liquid 32, for example, with a 
sparger. The fresh oxygen supplied through flexible ox- 
ygen hose 72 into headspace 48 will mix with the recy- 
cled oxygen generated from any undissolved oxygen 
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bubbles 38 rising upward in liquid 32 that are captured 
and redirected toward headspace 48. The pressure in 
headspace 48 under chamber 1 0 will depend upon the 
depth of the unit under the surface of liquid 32. The 
amount of oxygen (fresh and recycled) entering venturi 
58 will vary, but the speed of pump 66 can be adjusted 
to meet different oxygen dissolution demands. 
[0043] At extreme depths (e.g., greater than 1 00 ft.) 
recycled oxygen is no longer needed and fresh oxygen 
can be feed directly into venturi 58. Alternatively, venturi 
58 is not needed because fresh oxygen can be fed under 
pressure directly into pump discharge pipe 56 to form 
gas liquid jet 36. 

[0044] Thus, the present invention provides an appa- 
ratus and method of concomitantly aerating and agitat- 
ing wastewater and solids in a deep tank using the min- 
imum energy required. 

[0045] While the present invention has been particu- 
larly described, in conjunction with a specific preferred 
embodiment, it is evident that many alternatives, modi- 
fications and variations will be apparent to those skilled 
in the art in light of the foregoing description. It is there- 
fore contemplated that the appended claims will em- 
brace any such alternatives, modifications and varia- 
tions as falling within the true scope and spirit of the 
present invention. 



Claims 



An apparatus for the dissolution of a gas and sus- 
pension of a settling solid in a body of liquid, said 
apparatus adapted to be submerged in said body 
of liquid, said apparatus comprising: 

a) a collector adapted to capture an undis- 
solved gas rising toward a surface of said body 
of liquid, said collector adapted to direct said 
captured undissolved gas toward a headspace 
of said apparatus; 

b) a flu id pump adapted to draw a feed gas from 
a feed gas inlet, together with said undissolved 
gas and said liquid toward said pump, and di- 
rect the passage of a gas-liquid mixture down- 
wardly in said body of liquid; and 

c) at least one ballast chamber connected to 
said apparatus, said ballast chamber adapted 
to be filled with a first ballast to cause said ap- 
paratus to sink into said body of liquid, and filled 
with a second ballast to cause said apparatus 
to rise upwardly in said body of liquid. 

The apparatus of claim 1 wherein said fluid pump 
comprises an impeller connected to a rotatable 
shaft disposed within a draft member. 

The apparatus of claim 1 wherein said collector 
comprises a surface of said ballast chamber, said 
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6. 



surface being of a sufficient size to capture said un- 
dissolved gas, said surface having a plane which is 
sufficiently angled to direct said undissolved gas to- 
ward said headspace. 

An apparatus for the dissolution of a gas and sus- 
pension of a settling solid in a body of liquid, said 
apparatus adapted to be submerged in said body 
of liquid, said apparatus comprising: 

a) an adjustable jet aerator, said aerator adapt- 
ed to draw in a liquid from said body of liquid 
and eject said liquid at a high velocity; 

b) a venturi tube connected to said jet aerator, 
said venturi tube having a tapered mean and 
adapted to receive said liquid at a high velocity 
from said aerator: 

c) a pipe connected at its first end to a throat of 
said venturi tube, a second end of said pipe 
adapted to draw in a first gas from a headspace 
below said venturi tube and feed said first gas 
back to said venturi tube; 

d) a conduit to supply a second gas to said 
headspace; 

e) a ballast chamber attached to said appara- 
tus, said ballast tank adapted to be filled with a 
first ballast to cause said apparatus to sink into 
said body of liquid and a second ballast to 
cause said apparatus to rise in said body of liq- 
uid; and 

f) a collector to trap an undissolved gas rising 
from said body of liquid and direct said undis- 
solved gas into said headspace. 

The apparatus of claim 4 wherein said collector 
comprises a surface of said ballast chamber, said 
surface having a sufficient size to trap said undis- 
solved gas, said surface having an angled plane to 
direct said undissolved gas toward said headspace. 

The apparatus of claim 4 wherein said jet aerator 
comprises a pump having an inlet to draw in said 
liquid from said body of liquid and an output to eject 
said liquid at a high velocity. 

A method of aerating a body of liquid and suspend- 
ing settling solids in said body of liquid comprising 
the steps of: 

a) providing a submergible aerator; 

b) submerging said aerator below a surface of 
said body of liquid; 

c) introducing a gas stream into said body of 
liquid; and 

d) causing said aerator to mix said gas stream 
and said body of liquid and generate a gas-liq- 
uid jet into said body of liquid, said gas-liquid 
jet having a sufficient force to suspend said set- 
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tling solids in said body of liquid. 

8. The method of claim 7 further comprising the step 
of adjusting the depth of said submerged aerator to 
optimize the suspension of said settling solids in s 
said body of liquid. 

9. The method of claim 8 wherein said step of adjust- 
ing the depth of said aerator comprises: 

10 

a) filling a ballast chamber connected to said 
submergible aerator with a first ballast causing 
said submergible aerator to sink below the sur- 
face of said body of liquid; 

b) filling said ballast chamber with said first bal- '5 
last until said submergible aerator reaches a 
desired depth in said body of liquid; and 

c) filling said ballast chamber with a second bal- 
last to displace said first ballast causing said 
submergible aerator to rise towards said sur- 20 
face of said body of liquid. 

10. The method of claim 7 further comprising the steps 
of: 

25 

a) capturing an undissolved gas rising towards 
said surface of said body of liquid; and 

b) recirculating said undissolved gas into said 
gas-liquid jet. 
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